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(54) Electrode for use in electro-optical devices 

(57) An electrode for an electro-optical device is 
provided. Light is passing through this electrode which 
comprises a pattern of conductive elements. The ele- 
ments have dimensions small compared to the wave- 



length of light, so that the electrode appear transparent. 
The light intensity distribution after having penetrated 
the electrode compared with the light intensity distribu- 
tion before having penetrated the electrode is influenced 
by forward scattering. 
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Description 
TECHNICAL FIELD 

[0001] The present invention concerns an electrode, s 
More particularly, the invention relates to an electrode 
for use in electro-optical devices, such as displays or 
solar ceils. 

BACKGROUND OF THE INVENTION 

[0002] Many different kinds of electrodes are known. 
About electrodes for electro-optical applications and de- 
vices have been reported widely in recent years. Of par- 
ticular interest is the electrical and optical characteris- 
tics of such electrodes. 

[0003] U.S. Pat. No. 4,518,891 to Howard, Jr. disclos- 
es large area electroluminescent (EL) faceplates for a 
storage cathode ray tube (CRT). It describes a macro- 
scopic metallic mesh to hold the electrical potential con- 
stant. 

[0004] Another metal structure called metai assist 
structure is disclosed in U.S. Pat. No. 5,455,899 to 
Budzilek et al., which is related to electroluminescent 
devices in general. 

[0005] U.S. Pat. No. 5.1 31 ,065 to Briggs et al. disclos- 
es an optically enhanced flat display panel. It describes 
narrow highly conductive strips to obtain low resistance. 
[0006] U.S. Pat. No. 5,293,564 to Tadros et al. dis- 
closes an improved working electrode for use in display 
devices. This electrode has an oxide coated metal grid. 
The metal grid and coating are disposed on a transpar- 
ent substrate which serves to provide structural integrity. 
[0007] Nevertheless, all reports including the men- 
tioned disclosures are paying for its better conductivity 
with a lower quality of its optical characteristics. Recent- 
ly, transparent conducting oxide (TCO) thin films have 
been widely used as the transparent electrode for flat- 
panel displays and solar cells. However, the TCO films 
in practical use for these devices still have several un- 
solved problems such as high cost, low transparency, 
and poor conductivity. Highly conductive and transpar- 
ent undoped or impurity-doped ZnO (Zinc Oxide) or 
doped AIO (Aluminum Oxide) thin films have recently 
gained much attention because ZnO is an inexpensive 
and abundant material. Another disadvantage of. the 
state of the art is that usual electrodes are not absolutely 
invisible and cover a large portion of an electro-optical 
device. 

[0008] An object of the present invention is to over- 
come the disadvantages of known approaches. 
[0009] It is an object of the present invention to pro- 
vide a new electrode for use in electro-optical devices. 
[0010] It is generally an object of the present invention 
to improve the electrical and optical properties of an 
electrode in electro-optical devices. 
[001 1 ] It is a further object of the present invention to 
provide an electrode with high conductivity, high trans- 



parency and with a wide adaptability 
[0012] It is another object of the present invention to 
provide an electrode with an excellent conductivity- 
transparency ratio. 

[001 3] It is also an object of the present invention to 
provide an electrode with highly adaptable electrical, op- 
tical, electronic and interface characteristics. 
[0014] Another object of the present invention is to 
provide an improved display device with the new elec- 
trode which is characterized by high transmittance and 
improved uniformity. 

SUMMARY OF THE INVENTION 

[0015] The present invention provides an electrode 
for an electro-optical device. Light is passing through 
the electrode and the electrode comprises a pattern of 
conductive elements. The elements have dimensions 
small compared to the wavelength X of light, which 
means the elements comprise a perimeter p smaller 
than the wavelength A. of the passing light. The elements 
may have any kind of structure and the word perimeter 
herein used is meant to cover any kind of size or shape 
suited to design a transparent electrode. 
[0016] The electrode is penetrable by light, comprises 
longitudinal electrically conductive elements and spac- 
es, whereby the light intensity distribution after having 
penetrated the electrode compared with the light inten- 
sity distribution before having penetrated the electrode 
is influenced by dominant forward scattering. According 
to the present invention, more forward scattering than 
backward scattering is achievable, which means that 
the transmission loss is less than the surface coverage. 
[0017] Due to the small geometry of the elements, 
which can be straps or spheres or combinations thereof, 
Mie scattering occurs, making the electrode appear 
transparent for a certain wavelength range. It is an ad- 
vantage of the present invention that the transparency 
of such an electrode is very high, because some inci- 
dence of light on the small elements will be forward scat- 
tered and no longer reflected backwards as aforemen- 
tioned. The total percentage of coverage caused by con- 
ductive elements is low and the power distribution is 
very high compared to today's solutions. The present 
invention provides the ability to make displays and ail 
other electro-optical devices with better performance. In 
the following the electrode according to the present in- 
vention will also be referred to as transparent electrode. 
[001 8] The elements comprise a suited material, such 
as metal, an alloy, semiconductor or a conductive poly- 
mer to guarantee for a good conductivity. It should be 
noted that the word electrode herein used is meant to 
cover the conductive elements and the spaces, because 
the spaces together with the conductive elements influ- 
ence the electrode's properties. Furthermore, the con- 
ductive elements are arranged in form of a regular pat- 
tern or structure and have a size and a geometry which 
might determine the direction of the light. The geometry 
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of the electrode, that means the pattern of conductive 
elements is highly application specific. For instance, op- 
tical effects like polarization and viewing angle adjust- 
ments are achievable. An enhancement will be 
achieved if the electrode is designed appropriately. The 
redundancy of the structure of the elements, which will 
electrically compensate broken elements or straps, is a 
huge advantage for every production process. 
[001 9] The conductive elements of the inventive elec- 
trode has a surface coverage of about 1 % to 20 % and 
preferably less than 11 % or even less than 6 %. Be- 
cause of the forward scattered light, the loss of light will 
be less than the values mentioned before. This will pro- 
vide more transparency compared to common elec- 
trodes. Less energy is necessary and therefore portable 
battery-powered applications can be used for a longer 
time. 

[0020] A resistance of about 0.01 QA3 to 100 ft/Q 
preferably less than 1 £}/□, can be achieved. For pur- 
poses of the present invention the term "ohms per 
square (QjO)" is used to designate sheet resistivity over 
a given surface area in a conventional manner. 
[0021] The electrode has a topside modifier and a 
backside modifier. In the following, topside modifier and 
backside modifier together will be called modifiers. The 
modifiers are optional. The modifiers can be built of any 
suited material. Their structure depends on the applica- 
tion. It is an advantage of the electrode according to the 
present invention that modifier(s) can be employed. For 
example 

• the modifiers are made of SiO x which can have pro- 
tecting functions; or 

• the modifiers itself may be bragg-mirrors to en- 
hance optical characteristics; or 

• the modifiers can have the function of injection elec- 
trodes to inject excitons into a semiconductor; or 

• the modifiers can act as a unification layer to 
planarize the surface of the electrode; or 

• the modifiers can be used to built cavities into the 
structure openings. 

[0022] The electrode can be manufactured using for 
example one of the following techniques: the so called 
microcontact printing or processing, photolithography, 
thermal evaporation, sputtering, coating and etching 
techniques. Submicron lithography can be achieved by 
the known VISAJ V light lithography, by X-ray lithography 
and e-beam lithography, and by scanning probe tech- 
niques and related techniques. A general advantage of 
the transparent electrode is the possibility of its preproc- 
essability without any application specific structures, 
which is a result of the structure of the transparent elec- 
trode. This brings the advantage of less expensive 
processing steps and the possibility to manufacture the 
transparent electrode as a semi-finished product for ex- 
ample oh glass or synthetic materials. 
[0023] The transparent electrode is particularly suited 



for electro-optical applications and devices. The excel- 
lent conductivity-transparency ratio has its roots in the 
small dimensions of the conducting structure, which can 
be a regular grid. The perimeter of the conductive ele- 

s ments are small compared to the wavelength of the light. 
Thus, the optical distortions can be minimized and the 
electrode itself gets invisible and transparent. Moreover, 
the small dimensions cause into partial forward scatter- 
ing of light. The forward scattering of light leads to a 

10 higher transmission rate of the transparent electrode. 
[0024] The electrode according to the present inven- 
tion is usually part of an electro-optical device that emits 
light, as there are: lasers, lamps, cell phones, pagers, 
alarm clocks, digital watches, radios, personal digital as- 

JS sistants, television sets or flat panel TV displays, infor- 
mation display terminals, flat-panel displays and any 
kind of displays or devices with an organic (polymer and 
molecular) light emitting diode (OLED) technology, e.g. 
for use in notebook displays, shop windows, car win- 

20 dows or car displays, toys, credit cards, small cellular 
phones, large flat screen high definition televisions and 
so on. Organic electroluminescent device and OLED 
technology has been determined to potentially provide 
outstanding display performance through high light 

2S emitting efficiency, which means high brightness and ex- 
cellent luminosity, high resolution, full color capability, 
low power and long operating life. 
[0025] The electrode which is electrically conductive 
and optically transparent may substitute indium-tin-ox- 

30 ide (ITO) for transparent electrodes in electro-optical de- 
vices. 

[0026] Furthermore, the electrode according to the 
present invention is a conductor or a conductor element, 
which means that the transparent electrode is executed 

35 as a lead. This might be an invisible lead to a device in 
or on a shop window or a car window, for instance, for 
an alarm signal which. is displayed on the window. How- 
ever, the transparent electrode may be used as a con- 
ductor or as a conductor element wherever an invisible 

40 lead or conductor on a transparent medium is required 
or desired. 

[0027] The electrode is not only suited for electro-op- 
tical applications but also for optical applications and de- 
vices. A window or a glass front of buildings or offices 
45 with such an transparent electrode makes it more bright 
in the inside. As part of a light emitting device the trans- 
parent electrode provides a higher light efficiency and 
helps therefore to safe energy. 

[0028] The electrode according to the present inven- 
so tion might also be part of an electro-optical device that 
receives light. This might be solar cells or photodetec- 
tors, like photodiodes, photoresistors, and phototransis- 
tors. The optical transmission coefficient will be im- 
proved for such devices and the internal resistance be- 
55 comes smaller. With the present invention the efficiency 
of solar cells and other devices will be enhanced dra- 
matically. 
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DESCRIPTION OF THE DRAWINGS 

[0029] The invention is described in detail below with 
reference to the following schematic drawings. It is to 
be noted that the Figures are not drawn to scale. 

FIG. 1 is a schematic 3-dimensional top-view of a 
substrate with a pattern of conductive ele- 
ments, in accordance with the present inven- 
tion. 

FIG. 2 is a schematic 3-dimensional view of a first 
embodiment; a light emitting cell with an elec- 
trode according to FIG. 1 . 

FIG. 3 is a cross-sectional view of a second embod- 
iment; a light receiving cell (solar cell) with an 
electrode according to FIG. 1 . 

GENERAL DESCRIPTION 

[0030] Before embodiments of the present invention 
are described, the basic elements, in accordance with 
the present invention, are addressed. 

Electrode: 

[0031] An electrode is a component of an electric cir- 
cuit that connects the conventional wiring of a circuit to 
a conducting medium. The electrically positive electrode 
is called the anode and the negative electrode is called 
the cathode. As aforementioned the electrode of the 
present invention includes conductive elements and 
spaces between the conductive elements. 

The Mie effect: 

[0032] The Mie theory for a sphere provides the only 
practical method for calculating light-scattering proper- 
ties of finite particles of arbitrary size and refraction in- 
dex. The scattering theory does provide also a first-or- 
der description of optical effects in nonspherical parti- 
cles, and it correctly describes many small-particle ef- 
fects that are not intuitively obvious. 
[0033] Excluding the case where the conductivity or 
the dielectric constant is very large (in which case most 
of the incident light is radiated in the backward direction, 
i.e. "reflected"), the polar diagrams for the scattering of 
linearly polarized light by a spherical gold particle, in the 
limit of vanishingly small spheres (R -» 0), are symmet- 
rical about the plane through the center of the sphere, 
at right angles to the direction of propagation of the in- 
cident light. There is an intensity maximum in the for- 
ward direction and in the reverse direction, and there is 
a minimum in the plane of symmetry. As the radius of 
the sphere is increased there is a departure from sym- 
metry, more light being scattered in the forward direction 
than in the opposite direction. As the radius is increased 



still further practically all the scattered light appears 
around the forward direction; likewise for a conducting 
sphere there is a greater concentration of light in this 
direction. When the radius of the sphere is very large 

5 compared to the wavelength most of the incident light is 
reflected. Born M. and Wolf E. describes in their book 
"Principles of Optics" the optics of metals including the 
theory of Mie. Bohren C. and Huffman D. describes in 
the book "Absorption and Scattering of Light by Small 

io Particles" conductive particles which are small com- 
pared to the wavelength of light. The forward scattering 
effect may occur during night driving in fog or with a dirty 
windshield. Light from oncoming automobile headlights 
is scattered in the forward direction by fog droplets or 

'5 particles to produce bothersome glare. 

Display technologies: 

[0034] A display is an electro-optical device to make 

20 data or images appear on a monitor or on a front-end 
device. A display screen is therefore a display part of a 
monitor. Most display screens work under the same 
principle as a television, using a cathode ray tube (CRT). 
Flat-panel displays are thin display screens used in port- 

2S able computers and work differently. Nearly all modern 
flat-panel displays use LCD, abbreviation of liquid crys- 
tal display, technologies. LCD displays utilize two sheets 
of polarizing material with a liquid crystal solution be- 
tween them An electric current passing through the liq- 

30 uid causes the crystals to align so that light cannot pass 
through them. Each crystal, therefore, is like a shutter, 
either allowing light to pass through or blocking the light. 
Monochrome LCD images usually appear as blue or 
dark gray images on top of a grayish-white background. 

35 Color LCD displays use two basic techniques for pro- 
ducing color: Passive matrix is the less expensive of the 
two technologies. The other technology, called thin film 
transistor (TFT) or active-matrix, produces color images 
that are as sharp as traditional CRT displays. TFT- 

40 based displays are also LCD displays, in which the 
screen is refreshed more frequently than in conventional 
passive-matrix displays and in which each pixel is con- 
trolled by one to four transistors. The TFT technology 
provides the best resolution of all the flat-panel tech- 

45 niques, but it is also the most expensive. Recent pas- 
sive-matrix displays use new CSTN (color super-twist 
nematic) and DSTN (double-layer supertwist nematic) 
technologies and produce sharp colors rivaling active- 
matrix displays. 

so [0035] Most LCD screens are backlit. Backlit is a tech- 
nique used to make flat-panel displays or notebook 
computers easier to read in bright environments. A 
backlit display is illuminated so that the foreground ap- 
pears sharper in contrast to the background. Other tech- 

55 nologies have been the focus of an intense research and 
development effort as they are suitable for a wide range 
of photonic applications including flat panel displays, 
which include active-matrix liquid crystal displays (AM- 
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LCD), field emission displays (FED), plasma display 
panels (PDPs or gas plasma), plasma addressed liquid 
crystals (PALC), electroluminescent (EL) displays, light 
emitting polymers (LEP) and organic light emitting de- 
vices (OLEDs). 

Solar cell: 

[0036] A solar cell is a photosensitive cell or combi- 
nation of cells designed to generate voltage by direct 
conversion of light into electricity when exposed to a 
source of light. The basic material of a solar cell is silicon 
(Si), which is extracted from silica sand. Silicon cells can 
be divided into two main groups depending on how they 
have been made: 

1 . Crystalline silicon cells. These are formed as sin- 
gle or multicrystal cells, and offer a high efficiency: 
fourteen to eighteen per cent. Crystalline silicon 
cells are used in cladding materials, roofs, skylights 
etc. 

2. Amorphous silicon cells. Amorphous silicon (a- 
Si) solar cells are relatively inexpensive, and used 
in consumer applications such as watches and 
pocket calculators as well as buildings. Amorphous 
material has a noncrystalline structure in which all 
of its atoms are arranged irregularly. The efficiency 
is five to eight percent, but unfortunately the effi- 
ciency falls in the first few years of operation. Nev- 
ertheless, amorphous solar cells have several ad- 
vantages over conventional solar cells. For exam- 
ple, they require a smaller amount of silicon and 
less energy in manufacturing, they can be manu- 
factured by an automated process, and they can be 
fabricated into cells with a large surface area. Be- 
cause of these and other features, amorphous solar 
cells are expected to become very inexpensive in 
the future. 

[0037] Semiconductors have interesting electrical 
properties. One of their properties is that they can be 
treated in different ways to become either 'positive 1 (p- 
type) or 'negative* (n-type). A solar cell consists of two 
layers of semiconductor, one p-type and the other n- 
type, sandwiched together to form a 'pn junction'. This 
pn junction allows to induce an electric field across the 
device. When particles of light ('photons') are absorbed 
by the semiconductor, they transfer their energy to some 
of the semiconductor's electrons, which are then able to 
move through the material. For each such negatively 
charged electron, a corresponding positive charge is 
created called a 'hole'. In an ordinary semiconductor, 
these electrons and holes recombine after a short time 
and their energy is wasted as heat. In a solar cell, how- 
ever, the electrons and holes are swept across the pn 
junction in opposite directions by the action of the elec- 
tric field. This separation of charge induces a voltage 
across the device. 



[0036] Two embodiments in accordance with the 
present invention are described with respect to FIGS. 
1-3. The first embodiment is an OLED device with a 
transparent electrode which emits light and the second 
5 embodiment shows a light receiving solar cell with a 
transparent electrode. For the purpose of the present 
invention, the wavelength X of light is supposed to cover 
the range from X = 10 nm to X = 10 nm. It should be 
noted that the elements of the electrode may have any 
10 kind of structure and the word perimeter p herein used 
is meant to cover any kind of size or shape suited to 
design a transparent electrode. The fact that according 
to the present invention p has to be smaller than X is 
taken into consideration when designing such an elec- 
ts trode. 

[0039] An electrode 1 0, shown in FIG. 1 in a schemat- 
ic 3-dimensional top-view, is manufactured using micro- 
contact printing or processing which is a special lithog- 
raphy technique to make submicroh or nanometer fea- 

20 tures (elements). Microcontact printing is a high-resolu- 
tion lithography technique based on transfer of a pattern 
from an elastomeric ■stamp" to a solid substrate by con- 
formal contact, which means a nanoscale interaction 
between substrate and stamp on macroscopic scales 

2S that allows transport of material from a stamp to sub- 
strate. The stamp is first formed by curing poly(dimethyl 
siloxane) (PDMS) on a master with the negative of the 
desired surface or structure, resulting in an elastomeric 
solid with a pattern of reliefs on its surface. The stamp 

30 provides an "ink" that forms a self-assembled monolay- 
er on a solid surface by a covalent, chemical reaction, 
which means the protruding regions of the patterned 
stamp touch the substrate surface in the printing step 
where ink molecules are then transfered locally. Micro- 

35 contact printing provides simultaneous transfer of pat- 
terns over areas without diffraction or depth-of-focus 
limitations. Structures in the scale of the wavelength of 
light can be realized with such a technique. 
[0040] Referring to FIG. 1, the manufacturing of the 

40 electrode 10 is described. On a rectangular glass sub- 
strate 11 a first ITO (indium-tin-oxide) layer 12 of about 
5 nm thickness is sputtered by known techniques. This 
layer has a resistance of about 1000 OJU and serves 
finally as an adhesion layer. Now using the afore de- 

45 scribed microcontact printing technique, a conductive 
grid 1 3 consisting of gold (Au) with a thickness of about 
50 nm is made. The conductive grid 13 comprises con- 
ductive elements or straps 14, whereby the conductive 
straps 14 are arranged in form of a honeycomb-like 

50 structure with spaces 15. However, the conductive 
straps 14 should have dimensions small compared to 
the wavelength of light, which means that the conductive 
straps 1 4 comprise a perimeter p smaller than the wave- 
length A, of the passing light. The direction of the passing 

55 light can be influenced by the structure of the conductive 
grid 13, in particular the perimeter, size, shape and the 
geometry of the conductive straps 14 and spaces 15. 
Therefore the features are highly application specific for 
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optical effects like polarization, color enhancement or 
viewing angle adjustments: As indicated in the upper 
half portion of FIG. 1 a work function modifier 16, which 
can be ITO to build an anode, of about 5 nm is applied 
by evaporation. The work function modifier 16 acts also 
as a diffusion barrier. Without ITO layer 12 and through 
substitution of work function modifier 16 with Si02 or SiN 
transparent leads can easily be produced. The pattern- 
ing can be done for example by using photolithography 
and etching or shadow masking and Si0 2 . Finally, a 
glass which has protecting functions may enclose the 
electrode 10, which for sake of clarity is not depicted. 
[0041] FIG. 2 shows a schematic 3-dimensional view 
of a cuboid area organic light emitting diode (OLED) de- 
vice 20 with an electrode 1 0 according to FIG. 1. A glass 
substrate layer 21 is situated on the top of the OLED 
device 20 which form the outside of the device and 
where the emitted light 22 emerge from the OLED de- 
vice 20. Below the layer 21 the transparent electrode 1 0 
as an anode with an electrical contact 23 to a power 
source 24 is placed. A counter electrode or cathode 25 
may be built opposite as a transparent electrode like 
electrode 10, whereby in this case a full transparent 
OLED device 20 can be achieved. The cathode 25 also 
with an electrical contact 23 to the power source 24 can 
as well as provided by common electrodes which are 
normally used in such devices. Between the electrode 
10 and the cathode 25 a polymer as light emitting or- 
ganic layer 26 is deposited, preferably poly(p-phenyle- 
nevinylene) (PPV), which means that an organic emis- 
sion layer is sandwiched between the two electrodes 1 0, 
25 which inject electrons (e") and holes (h + ), respective- 
ly. There are many other organic materials known as 
good light emitters which can be used instead. Another 
glass layer 27 is applied on the bottom of the OLED de- 
vice 20 which forms the backside of the device 20. Using 
the power source 24 to apply an electrical field between 
the two electrodes 10 and 25 causes the polymer 26 to 
emit colored light 22, which is determined by selection 
of the polymer, by filters, by colour converters and the 
geometry of the electrodes. The electrons and holes 
meet in the organic layer 26 and recombine producing 
light 22. 

An OLED device may either be grown directly on a sili- 
con (Si) substrate carrying Si devices, or it may be fab- 
ricated separately and flipped onto the Si substrate later. 
In this case the silicon substrate carries some metalli- 
zation and would substitute the electrode 25 and the fi- 
nal glass layer 27. 

[0042] A silicon p-n junction solar cell 30 as a further 
embodiment, illustrated in FIG. 3, is addressed now. An 
electrode 10, according to FIG. 1, is applied as a front 
electrode on the top of the solar cell 30. The electrode 
1 0 with an electrical contact 31 to the outside is covered 
by a glass or plastic coating 32 to protect the solar cell 
30 from the environment. The electrode 1 0 might be de- 
signed to achieve suitable angles for the incident light 
or to reduce or even to avoid reflections. No light pene- 



trates usually full metal electrodes. Conventional solar 
cells use therefore stripe-like or finger-like full metal 
front contacts as electrodes. Such electrodes have the 
disadvantage that they totally cover certain parts of a 

5 solar cell whereas other parts of the solar cell are not 
covered at all. It seems to be a contradiction in terms, 
but nevertheless the best, e.g. highest generation rate 
of electron-hole pairs and therewith high yield of elec- 
tricity, happens if there are two electrodes right opposite 

'0 to each other. Below the electrode 10 a n-type silicon 
layer 33 of about % \xm thickness is placed on a much 
thicker p-type silicon layer 34. Between layer 33 and lay- 
er 34 a shallow p-n junction 35 is formed, e.g., by diffu- 
sion. An ohmic contact or a full metal contact as a rear 

is electrode 36 with an electrical contact 31 to the outside 
is applied on the bottom of the solar cell 30 . The com- 
plete solar cell has a thickness of about 0.5 mm. By con- 
necting the solar cell 30 with the electrical contacts 31 
to an external circuit (not shown in FIG. 3) and if light 37 

20 is shining onto the solar cell 30, electrons are able to 
flow and incident solar energy 37 is directly converted 
into electricity or electrical energy. 



25 Claims 

1. An electrode (10) for an electro-optical (20, 30) de- 
vice whereby light is passing through said electrode 
(10) which comprises conductive elements (14) 
30 having a perimeter smaller than the wavelength of 
said light. 



2. An electrode (10) penetrable by light (22, 37) and 
comprising longitudinal electrically conductive ele- 
ments (14) and spaces (15), whereby the light in- 
tensity distribution after having penetrated the elec- 
trode compared with the light intensity distribution 
before having penetrated the electrode is influ- 
enced by forward scattering. 

3. Electrode (10) according to claim 2, whereby more 
forward scattering than backward scattering oc- 
curs. 



35 



40 



45 4. Electrode (10) according to claim 1 , whereby, due 
to the small perimeter of the elements (14), Mie 
scattering occurs. 

5. Electrode (10) according to claim 2, whereby said 
so conductive elements (14) have a perimeter smaller 
than the wavelength of said light (22, 37) such that 
Mie scattering occurs, making the electrode (10) 
appear transparent. 

55 6. Electrode (10) according to one of claims 1 to 3, 
whereby said conductive elements (14) comprise 
one of Au, Ag, Al, Cu, Ni, Pb, Pt, Sn, Zn, combina- 
tions thereof, alloys, semiconductor or a conductive 



6 
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polymer 

Electrode (10) according to claim 1 or 2. whereby 
said conductive elements (14) are arranged in form 
of a regular pattern. 5 

Electrode (10) according to claim 6, whereby said 
conductive elements (14) comprise a geometry 
which determines the direction of said light (22, 37). 

10 



9. Electrode (10) according to claim I or 2, whereby 
said electrode (10) has a surface coverage of about 
1 % to 20 %, preferably smaller than 10 %, and a 
resistance of about 0.01 QA3 to 1 00 Q/Q preferably 
less than 1 Q/Q 

10. Electrode (10) according to claim 1 or 2, whereby 
said electrode (10) has a topside modifier (16) and/ 
or a backside modifier (16). 

20 

11. Electrode (10) according to claim 1 or 2, whereby 
said electrode (10) is manufactured using one or 
more of the following techniques: microcontact 
processing, photolithography, thermal evaporation, 
sputtering, coating and etching technique. 25 

12. Electrode (10) according to claim 1 or 2, whereby 
said electrode (10) is a conductor or a conductor 
element. 

30 

13. Display comprising an electrode (10) according to 
any of the preceding claims. 

14. Electro-optical device (20) that emits light compris- 
ing an electrode (10) according to any of the claims 35 
1 to 12. 

15. Electro-optical device (30) receiving light compris- 
ing an electrode (1 0) according to any of the claims 

1 to 12. 4 <> 
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